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top electrode. Either or both of the nonvolatile res-
istance memory device and selector include an elec-
trically conducting oxygen diffusion barrier layer
between one of the electrodes and the dielectric lay-
er or selector insulator layer, respectively.
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1
ELECTRICALLY CONDUCTING OXYGEN DIFFUSION

BARRIERS FOR MEMRISTORS AND SELECTORS

BACKGROUND

[0001] Non-volatile memory is computer memory that can get back stored infor-
mation even when not powered. Types of non-volatile memory may include resis-
tive RAM (random access memory) (RRAM or ReRAM), phase change RAM
(PCRAM), conductive bridge RAM (CBRAM), ferroelectric RAM (F-RAM), etc.

[0002] Resistance memory elements, such as resistive RAM, or ReRAM, can be
programmed to different resistance states by applying programming energy. After
programming, the state of the resistive memory elements can be read and re-
mains stable over a specified time period. Large arrays of resistive memory ele-
ments can be used to create a variety of resistive memory devices, including
non-volatile solid state memory, programmable logic, signal processing, control
systems, pattern recognition devices, and other applications. Examples of resis-
tive memory devices include valence change memory and electrochemical metal-
lization memory, both of which involve ionic motion during electrical switching

and belong to the category of memristors.

[0003] Memristors are devices that can be programmed to different resistive
states by applying a programming energy, for example, a voltage or current
pulse. This energy generates a combination of electric field and thermal effects
that can modulate the conductivity of both non-volatile switch and non-linear se-
lect functions in a memristive element. After programming, the state of the

memristor can be read and remains stable over a specified time period.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIGS. 1A-1B depict, in perspective, a memristor crossbar and a selector-

memristor crossbar, respectively, according to an example.
[0005] FIG. 2 depicts a half V scheme with selector, according to an example.

[0006] FIG. 3 depicts a cross-sectional view of a memristor multilayer structure
with an oxygen diffusion barrier at the bottom electrode — memristive switch inter-

face, according to an example.

[0007] FIG. 4 depicts a cross-sectional view of a memristor multilayer structure
with oxygen diffusion barriers at both bottom electrode - memristive switch inter-
face and top electrode - memristive switch interfaces, according to an example.

[0008] FIG. 5 depicts a cross-sectional view of a selector multilayer structure with
an oxygen diffusion barrier at the bottom electrode — selector interface, according

to an example.

[0009] FIG. 6 depicts a cross-sectional view of a selector multilayer structure with
an oxygen diffusion barrier at the top electrode — selector interface, according to

an example.

[0010] FIG. 7 depicts a cross-sectional view of a selector multilayer structure with
oxygen diffusion barriers at both bottom electrode - selector switch interface and

top electrode — memristive switch interfaces, according to an example.

[0011] FIG. 8 depicts a cross-sectional view of a combination memristor-selector
multilayer structure with oxygen diffusion barriers denoted in phantom at various
locations in the structure, showing different possible placement locations, accord-

ing to an example.
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DETAILED DESCRIPTION

[0012] It is appreciated that, in the following description, numerous specific de-
tails are set forth to provide a thorough understanding of the examples. However,
it is appreciated that the examples may be practiced without limitation to these
specific details. In other instances, well-known methods and structures may not
be described in detail to avoid unnecessarily obscuring the description of the ex-

amples. Also, the examples may be used in combination with each other.

[0013] While a limited number of examples have been disclosed, it should be un-
derstood that there are numerous modifications and variations therefrom. Similar

or equal elements in the Figures may be indicated using the same numeral.

[0014] It is to be noted that, as used in this specification and the appended

claims, the singular forms "a,” “an,” and “the” include plural referents unless the

context clearly dictates otherwise.

[0015] As used herein, the term “about” is used to provide flexibility to a numeri-
cal range endpoint by providing that a given value may be “a little above” or “a lit-
tle below” the endpoint, and may be related to manufacturing tolerances. The de-
gree of flexibility of this term can be dictated by the particular variable and would
be within the knowledge of those skilled in the art to determine based on experi-
ence and the associated description herein. In some examples, “about” may refer
to a difference of +10%.

[0016] Memristors are nano-scale devices that may be used as a component in a
wide range of electronic circuits, such as memories, switches, radio frequency
circuits, and logic circuits and systems. In a memory structure, a crossbar array
of memristor devices may be used. When used as a basis for memories, memris-
tors may be used to store bits of information, 1 or 0. When used as a logic circuit,
a memristor may be employed as configuration bits and switches in a logic circuit
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that resembles a Field Programmable Gate Array, or may be the basis for a

wired-logic Programmable Logic Array. It is also possible to use memristors ca-
pable of multi-state or analog behavior for these and other applications. While
specific examples to memristors are provided herein, it is appreciated that many
other types of non-volatile memory may beneficially employ the teachings herein.
Examples of such other types of non-volatile memory may include resistive RAM
(random access memory) (RRAM or ReRAM), phase change RAM (PCRAM),
conductive bridge RAM (CBRAM), ferroelectric RAM (F-RAM), etc.

[0017] The resistance of a memristor may be changed by applying a voltage
across or a current through the memristor. Generally, at least one channel may
be formed that is capable of being switched between two states—one in which
the channel forms an electrically conductive path (“ON”) and one in which the
channel forms a less conductive path (“OFF”). In some cases, conducting chan-
nels may be formed by ions and/or vacancies. Some memristors exhibit bipolar
switching, where applying a voltage of one polarity may switch the state of the
memristor and where applying a voltage of the opposite polarity may switch back
to the original state. Alternatively, memristors may exhibit unipolar switching,
where switching is performed, for example, by applying different voltages of the

same polarity.

[0018] When used as a switch, the memristor may either be in a low resistance
(ON) or high resistance (OFF) state in a crosspoint memory. During the last few
years, researchers have made great progress in finding ways to make the switch-
ing function of these memristors behave efficiently. For example, tantalum oxide
(TaOx)-based memristors have been demonstrated to have superior endurance
over other nano-scale devices capable of electronic switching. In lab settings,

tantalum oxide-based memristors are capable of over 10 billion switching cycles.

[0019] A memristor may use a switching material, such as TiOx, HfOx or TaOx,
sandwiched between two electrodes. Memristive behavior is achieved by the

movement of ionic species (e.g., oxygen ions or vacancies) within the switching
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material to create localized changes in conductivity via modulation of a conduc-

tive filament between two electrodes, which results in a low resistance “ON”
state, a high resistance “OFF” state, or intermediate states. Initially, when the
memristor is first fabricated, the entire switching material may be nonconductive.
As such, a forming process may be required to form the conductive channel in
the switching material between the two electrodes. A known forming process, of-
ten called “electroforming”, includes applying a sufficiently high (threshold) volt-
age across the electrodes for a sufficient length of time to cause a nucleation and
formation of a localized conductive channel (or active region) in the switching
material. The threshold voltage and the length of time required for the forming
process may depend upon the type of material used for the switching material,
the first electrode, and the second electrode, and the device geometry.

[0020] Metal or semiconductor oxides may be employed in memristive devices;
examples include either transition metal oxides, such as tantalum oxide, titanium
oxide, yttrium oxide, hafnium oxide, niobium oxide, zirconium oxide, or other like
oxides, or non-transition metal oxides, such as aluminum oxide, calcium oxide,
magnesium oxide, dysprosium oxide, lanthanum oxide, silicon dioxide, or other
like oxides. Further examples include transition metal nitrides, such as aluminum

nitride, gallium nitride, tantalum nitride, and silicon nitride.

[0021] A common problem with memristor cells is excessive electrical resistance
requiring high operating voltage to switch between high resistance states (HRS,
OFF, 0) and low resistance states (LRS, ON, 1). Often, this problem is caused or
exacerbated by oxidation of bottom conducting material (bottom electrode) during
oxide processing which typically requires exposure to oxygen environments at el-
evated temperatures and by diffusion of oxygen into conducting layers during
later high temperature processing and electrical testing of the device. This un-
controlled oxidation and oxygen diffusion also leads to further problems of vari-

ance contributing to low device yield.

[0022] Because oxidation of the bottom metal is also a common problem in fabri-

cation of MIM (metal-insulator-metal) capacitors, there is a wealth of investigation
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into binary and ternary oxygen diffusion barriers, mostly of the following basic

structures: refractory metal-nitrogen, refractory metal-aluminum-nitrogen, and re-
fractory metal-silicon-nitrogen. These barriers, however, were developed for use
in Al and Cu metallization and are not suitable as oxygen diffusion barriers due to
their reactivity and diffusivity, particularly with respect to oxygen. In addition, their
relatively high electrical resistance consumes a significant amount of applied volt-
ages. Some success has been seen using conductive oxide (CeOz2, RuOz2) diffu-
sion barriers in Al and Cu metallization in tandem with a Ta layer. It is hypothe-
sized that this success is due to either the strong chemical bonding in the Ta-
Ce(Ru)-O or Ta-O and the amorphous structure that forms at the Ta-CeO2(RuO2)
interface. This is still not the best solution, however, because a barrier oxide dep-
osition process would pose the same oxidation problem as the subsequent

memristor dielectric layer.

[0023] A selector is a highly nonlinear two-terminal device of general structure
conductor-selector-conductor. When built in series with a memristor device, it in-
creases the overall current-voltage nonlinearity of the memory cell, thereby re-
sulting in much lower sneak path currents through partially-selected cells in high-
density crossbar memory arrays. A common problem with selectors is exces-
sively high electrical resistance requiring high operating voltage for the whole
memory cell. Often, this problem is caused or exacerbated by oxidation of bottom
conducting material (bottom electrode) during oxide processing (which typically
requires exposure to oxygen environments at elevated temperatures) and by dif-
fusion of oxygen into conducting layers during later high temperature processing
and electrical operation of the device. This undesirable oxidation and oxygen dif-
fusion also lead to further problems of variance contributing to low device yield
and high device operation failures. Additionally, the known IMT (insulator-metal-
transition)-based selector oxides (NbOz2, Ti203, and VO2) are all suboxides whose
stoichiometry must be tightly maintained in order to sustain the necessary nega-
tive differential resistance (NDR) behavior. Thus, blocking diffusion of oxygen
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into or out of the selector layer from other oxygen containing layers and subse-

quent processing and electrical operation may be important.

[0024] In accordance with the teachings herein, an electrically conducting oxygen
diffusion barrier is provided for a memristor structure of the general multilayer
structure: conductor-oxygen barrier-dielectric-conductor and conductor-oxygen
barrier-dielectric-oxygen barrier-conductor. The oxygen barrier described herein
may be of the general chemical composition: Metal1-Metal2-Nonmetal, where
Metal1 may be a relatively noble metal, Metal2 may be a relatively refractory

metal, and Nonmetal may be nitrogen, carbon, or oxygen or mixtures thereof.

[0025] The noble metal M1 may be one of the following: Ru, Rh, Pd, Os, Ir, Pt,
and Re or alloys thereof. The refractory metal M2 may be one of the following:
Ta, W, Nb, V, Ti, Zr, Hf, Cr, and Mo or alloys thereof. The composition M1-M2-
NM of the oxygen barrier may be described by the following composition ranges:
M1 ranges from about 10 to 80 atomic percent (at%), M2 ranges from about 10
to 50 at%, and NM ranges from about 5 to 70 at%.

[0026] The finished memristor cell can be operated by applying an electric poten-
tial across the two conducting layers to change between resistance states. The
virgin resistance, and therefore the operation voltage of a given memristor with
the barrier layer may be significantly lower than one without. The barrier layer
blocks oxidation of and oxygen diffusion into the bottom electrode conducting
layer during subsequent processing. It has been shown that compounds com-
posed from these element groups form strong chemical bonds and amorphous
microstructures, thereby enabling them to block diffusion. They are also oxidation
resistant and their oxides remain electrically conductive. These properties may

make them ideal for use as electrically conductive oxygen diffusion barriers.

[0027] An advantage of these ternary oxygen diffusion barriers is that they can be
deposited without oxidizing the bottom conducting layer (with exception of the
Metal1-Metal2-oxygen composition) and they effectively block oxidation of the
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conducting layer as well as maintain their own electrical conductivity during fur-

ther processing. This may allow for fabrication of memristors without oxidation of
bottom electrodes, thereby resulting in less variance across an array of memris-
tor cells and lower virgin resistance, which reduces the required operating volt-

age.

[0028] The ternary oxygen diffusion barrier may be a single layer or may be multi-
ple layers, depending on the solid state solubility of the components. For exam-
ple, two layer schemes may be formed as a method of deposition, i.e., M1 and
M2-NM deposited in thin alternating layers but the net effect may be a single, ul-
trathin barrier layer.

[0029] The sneak-path issue is inherent for crossbar architectures, regardless of
the memory element employed. FIG. 1A depicts a crossbar 100 containing a plu-
rality of memory elements 102. Each memory element 102 may include a switch-
ing oxide sandwiched between a bottom electrode and a top electrode (not visi-
ble in FIG. 1, but depicted in FIG. 4). Each memory element 102 is sandwiched
between a bottom electrically conducting trace 106 and a top electrically conduct-
ing trace 108. The crossbar 100 is made of a lower layer 110 of electrically con-
ducting traces formed by a plurality of bottom conducting traces 106 and an up-
per layer 112 of electrically conducting traces formed by a plurality of top con-
ducting traces 108, with the memory element 102 at each crosspoint 114 formed
by a bottom trace 106 and a top trace 108. The bottom conductive traces 106
may be referred to as row, or bit, lines, while the top conductive traces 108 may
be referred to as column, or word, lines. However, it is immaterial whether the

row (bit) lines are above or below the column (word) lines.

[0030] FIG. 1A depicts the situation that while trying to read the high resistive ele-
ment 102a, a current sneak path exists due to three low resistive elements 102b.
The thin line 116 with arrow head shows the desired current path. The dashed
line 118 with arrow head shows a sneak path current path.
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[0031] The solution, illustrated in FIG. 1B, may be to increase the nonlinearity or

asymmetry of the |-V characteristic of the memristor elements 102, which may
ensure that the memristor, or other nonlinear memory device, can be used in
large crossbar arrays 150. Increasing the nonlinearity of the memristor cells 102
may result in reduction or even elimination of the sneak path current path 118. As
noted above, a nonlinear, nonvolatile memristor cell 102" may include a selector
130 (discussed below in connection with FIG. 5) and a memristor element 102.
The selector 130 may be nonlinear and volatile; the memristor 102 may be linear
and nonvolatile. While these are the ideal states of the selector 130 and memris-
tor 102, respectively, it is understood that there may be slight variations from the
ideal state. In any event, the net intent is to provide a memory cell 102’ that is

both nonlinear and nonvolatile.

[0032] The selector 130 may be used to mitigate the sneak path current issue by
utilizing its nonlinearity, i.e., exhibiting a very low leakage current at low voltage
regime while a very high current level once the applied voltage is above a thresh-
old value. Nonlinearity may depend on the operating voltage range, which in turn
depends on the materials used and structure of the device stack (memristor plus

selector).

[0033] The following is a description on selector set/reset operating voltage. The
selector is a volatile threshold switch. A selector may have a threshold voltage,
Vth, that when a voltage V > Vth, the selector is in a low resistance state. On the
other hand, when V < Vth, the selector is in a high resistance state. In one illus-
trative example, a voltage V was selected, V being above Vth while 2 V was be-
low Vth.

[0034] When +1/2 V is applied on one row (selected row), and -1/2V on one col-
umn (selected column), the device at the junction (selected device) has V so that
it is in a low resistance state. In this example, as a voltage divider the voltage
drop on this selector becomes low, and main voltage V drops on the resistive
memory element e.g., ReRAM, such as memristor) for memristor set or reset.

The remaining devices on selected row or column has either +1/2V or -1/2V (half
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selected devices), and they are in high resistance state. The remaining devices

in the array are all unselected, all in a high resistance state.

[0035] The concept for a selector associated with the popular reading scheme is
shown in FIG. 2. The selected high resistance cell is denoted 102’a and the cells
having low resistance are denoted 102’b. The low resistance cells 102°'b are in
the same row or column as the selected cell 102’a. It is the low resistance cells
102’b that may support sneak path currents. V is the applied voltage, V/2 is half

voltage, and G is ground.

[0036] A structure 300 having a memristor 102 with one oxygen barrier 302 is de-
picted in FIG. 3. The memristor 102 may have a bottom electrode 304, a memris-
tive switch layer 306, and a top electrode 308. The oxygen barrier 302 may be
formed between the bottom electrode 304 and the memristive switch layer 306.

[0037] A structure 400 having a memristor 102 with two oxygen barriers 302a,
302b is depicted in FIG. 4. One oxygen barrier 302a may be formed between the
bottom electrode 304 and the memristive switching layer 306 and the other oxy-
gen barrier 302b may be formed between the top electrode 308 and the memris-

tive switching layer 306.

[0038] A structure 500 having a selector 130 with one oxygen barrier 502 is de-
picted in FIG. 5. The selector 130 may have a bottom electrode 504, a selector
insulator layer 506, and a top electrode 508. The oxygen barrier 502 may be
formed between the bottom electrode 504 and the selector insulator layer 506.

[0039] A structure 550 having a selector 130 with one oxygen barrier 502 is de-
picted in FIG. 6. The selector 130 may have a bottom electrode 504, a selector
insulator layer 506, and a top electrode 508. The oxygen barrier 502 may be
formed between the top electrode 508 and the selector insulator layer 506. For
the selector, one oxygen barrier may be useful if the bottom electrode and top
electrode are not symmetric. In this case, the barrier may be placed where oxy-
gen can migrate between the electrode and the selector insulator layer 506. This
electrode can be either the bottom electrode or the top electrode. If electrodes



WO 2016/163978 PCT/US2015/024444

11
are symmetric, then two oxygen barriers, one for each electrode, may be useful,
as shown in FIG. 7.

[0040] A structure 575 having a selector 130 with two oxygen barriers 502a, 502b
is depicted in FIG. 7. One oxygen barrier 502a may be formed between the bot-
tom electrode 504 and the selector insulator layer 506 and the other oxygen bar-
rier 502b may be formed between the top electrode 508 and the selector insula-
tor layer 506.

[0041] A structure 800 having a combined memristor 102 and a selector 130 with
four oxygen barriers is depicted in FIG. 8. A first oxygen barrier 302a may be
formed between the first bottom electrode 304 and the memristive switching layer
306 and a second oxygen barrier 302b may be formed between the first top elec-
trode 308 and the memristive switching layer 306. A third oxygen barrier 502a
may be formed between the second bottom electrode 504 and the selector insu-
lator layer 506 and a fourth oxygen barrier 502b may be formed between the sec-
ond top electrode 508 and the selector insulator layer 506. At least the second
barrier layer 302b is optional. For the selector 130, it may be desirable to have
two barriers 502a, 502b so as to maintain oxide stoichiometry to preventing oxy-
gen migration at both electrodes 504, 508.

[0042] For the memristor 120, one barrier 302a or 302b may suffice. Alterna-
tively, two barriers, 302a, 302b may be used. It may be desirable to prevent oxy-
gen migration between the switching oxide 306 and switching electrode (either
304 or 308), where a barrier layer would be desirable. On the other hand, it may
be desirable to maintain oxygen migration between the switching oxide and the
oxygen reservoir electrode, in which case, the barrier would not be needed. That
is to say, the electrodes 304, 304 of the memristor 120 may be non-symmetric,
one as the switching electrode (channel contact/non-contact) and the other as
the oxygen vacancy reservoir. In this case, the barrier may be desired for the
switching electrode, and a barrier may not be needed at the oxygen reservoir
electrode.



WO 2016/163978 PCT/US2015/024444

12
[0043] In the structure 800 shown in FIG. 8, all four of the barrier layers 302a,

302b, 502a, 502b may be present. In some examples, at least one layer 302a,
302b, 502a or 502b may be present, in either the memristor 102 or selector 130.

[0044] Deposition of the metal layers 304, 308, 504, and 508 may be performed
by such processes as electroplating, sputtering, evaporation, ALD (atomic layer
deposition), co-deposition, chemical vapor deposition, IBAD (ion beam assisted
deposition), oxidation of pre-deposited materials, or any other film deposition
technology. The switching oxide layer 306, and the selector insulator layer 506
may be formed by e-beam deposition, e-beam co-evaporation, sputter deposi-
tion, co-sputter deposition, reactive sputter deposition, reactive co-sputter depo-
sition, atomic layer deposition (ALD) sequential deposition, sputter sequential
deposition, e-beam sequential deposition, and the like. The barrier layers 302a,
302b, 502a, 502b, to the extent that they are used, may be deposited by any of
the foregoing listed processes. Further examples may include co-deposition of
M1 (or M1-NMx) and M2-NMy and reactive co-deposition and sequential deposi-
tion of M1, M2-NMx.

[0045] The layers 304, 302a (if used), 306, 302b (if used), 308, 504, 502a (if
used), 506, 502b (if used), and 508 may be deposited sequentially. It will be ap-
preciated that in FIG. 8, the selector 130 is shown on “top” and the memristor
102 is shown on the “bottom” of the device 800. However, in some examples, the

memristor 102 may be on “top” and the selector 130 on the “bottom”.

[0046] Three compositions, all in the Pt-Nb-N system, were prepared by co-sput-
tering Pt and NbN targets with Ar and N2. Table | below lists the conditions of
preparation, including the power settings (in W) for Pt and NbN and the flow rates

(in sccm) for Ar and Na.
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Table I. Pt-Nb-N Compositions and Preparation Parameters (Composition in at%).
Pt, W NbN, W Ar, N2, Final Compo-
sccm sccm sition
Composi- 50 350 250 50 25% Pt, 26%
tion 1 Nb, 41% O,
8% N
Composi- 50 250 250 50 65% Pt, 29%
tion 2 Nb, 6% N
Composi- 100 250 250 50 78% Pt, 20%
tion 3 Nb, 2% N
[0048] Each composition was tested for oxidation resistance by measuring resis-

tivity before anneal and after anneal. Annealing was done by an in-air anneal at
750°C for 24 hr. Table Il lists the results before and after the anneal. The sub-

strate was 200 nm thermally-grown SiO2 on silicon.

Table Il. Oxidation Resistance (Composition in at%).

Pt-Nb-N Composition Sub- Thickness| Resistivity Resistivity
strate (before an- (after an-
neal) neal)
Comp1 25% Pt, 26%| SiO2 109 nm 199 pQcm (too resis-
Nb, 41% O, 200 tive)
8% N nm/Si
Comp2 65% Pt, 29%| SiO2 93.3 nm 176 pQcm 79.5 pQcm
Nb, 6% N 200
nm/Si
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Comp3 78% Pt, 20%| SiO2 139 nm 113 pQcm 19.8 uQcm
Nb, 2% N 200
nm/Si

[0049] The advantage of these ternary oxygen diffusion barrier layers 302a,
302b, 502a, 502b is that they can be deposited without oxidizing the bottom con-
ducting layer (with some exceptions with the Metal1-Metal2-oxygen composition)
and they may effectively block oxidation of the conducting layers 304, 308, 504,
508 and suboxide layers 306, 506 as well as maintain their own electrical con-
ductivity during further processing. This allows for fabrication of selector-memris-
tor memory cells without oxidation of bottom electrodes or further oxidation of the
suboxide selector layers resulting in less variance across an array of selector-
memristor memory cells and lower virgin resistance, thereby reducing the re-

quired operating voltage.
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CLAIMS

What is claimed is:

1. A memory cell comprising either a nonvolatile resistance memory device or a
nonvolatile memory device in series with a selector, in which the nonvolatile re-
sistance memory device includes a dielectric layer sandwiched between a first bot-
tom electrode and a first top electrode and wherein the selector includes a selector
insulator layer sandwiched between a second bottom electrode and a second top
electrode, wherein either or both of the nonvolatile resistance memory device and
selector include an electrically conducting oxygen diffusion barrier layer between
one of the electrodes and the dielectric layer or selector insulator layer, respectively,
wherein the barrier layer comprises a composition M1-M2-NM, where M1 is a noble
metal, Metal2 is a refractory metal, and Nonmetal is nitrogen, carbon, or oxygen or

mixtures thereof.

2. The memory cell of claim 1, in which the nonvolatile resistance memory device

is a memristor.

3. The memory cell of claim 1, in which the nonvolatile resistance memory device
includes the barrier layer between either the first bottom electrode and the dielectric

or between the dielectric and the first top electrode, or both.

4. The memory cell of claim 1, in which the selector includes the barrier layer be-
tween either the second bottom electrode and the selector insulator or between the

selector insulator and the second top electrode, or both.
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5. The memory cell of claim 1, in which the M1 is a metal selected from the group

consisting of Ru, Rh, Pd, Os, Ir, Pt, and Re, and M2 is a metal selected from the
group consisting of Ta, W, Nb, V, Ti, Zr, Hf, Cr, and Mo.

6. The memory cell of claim 5, in which M1 ranges from about 10 to 80 at% of the
structure, M2 ranges from about 10 to 50 at% of the structure, and NM ranges from

about 5 to 70 at% of the structure.

7. A memory array with nonvolatile memory cells, the memory array including:

a set of electrically conducting row lines intersecting a set of electrically

conducting column lines to form intersections; and

each nonvolatile memory cell disposed at each intersection between one

of the row lines and one of the column lines;

wherein the memory cell comprises either a nonvolatile resistance
memory device or a nonvolatile memory device in series with a selector, in which the
nonvolatile resistance memory device includes a dielectric sandwiched between a
first bottom electrode and a first top electrode and wherein the selector includes a
selector insulator sandwiched between a second bottom electrode and a second top
electrode, wherein either or both of the nonvolatile resistance memory device and
selector include an electrically conducting oxygen diffusion barrier layer between
one of the electrodes and the dielectric or selector insulator, respectively, and

wherein the first bottom electrode is electrically coupled to a row trace or
to a column trace and wherein the second top electrode is electrically coupled to the

other of the row trace or the column trace.

8. The memory array of claim 7, wherein the non-volatile memory device is a

memristor.
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9. The memory array of claim 7, in which the nonvolatile resistance memory de-
vice includes the barrier layer between either the first bottom electrode and the die-
lectric or between the dielectric and the first top electrode, or both.

10. The memory array of claim 7, in which the selector includes the barrier layer
between either the second bottom electrode and the selector insulator or between
the selector insulator and the second top electrode, or both.

11. The memory array of claim 7, in which the barrier layer comprises a structure
comprising M1-M2-NM, where M1 is a metal selected from the group consisting of
Ru, Rh, Pd, Os, Ir, Pt, and Re, M2 is a metal selected from the group consisting of
Ta, W, Nb, V, Ti, Zr, Hf, Cr, and Mo, and NM is a non-metal selected from the group
consisting of O, N, and C.

12. The memory array of claim 11, in which M1 ranges from about 10 to 80 at%
of the structure, M2 ranges from about 10 to 50 at% of the structure, and NM ranges
from about 5 to 70 at% of the structure.

13. A method of manufacturing a memory array with nonvolatile memory cells,
the method including:

providing a set of electrically conducting row traces;

providing a plurality of memory cells, each memory cell disposed at a loca-
tion along each of the row traces, wherein each memory cell comprises either a non-
volatile resistance memory device or a nonvolatile memory device in series with a
selector, wherein the nonvolatile resistance memory device includes a dielectric

layer sandwiched between a first bottom electrode and a first top electrode and
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wherein the selector includes a selector insulator layer sandwiched between a sec-

ond bottom electrode and a second top electrode, wherein either or both of the non-
volatile resistance memory device and selector include an electrically conducting dif-
fusion barrier layer between one of the electrodes and the dielectric layer or selector

insulator layer, respectively, and

providing a set of electrically conducting column traces to contact each

memory cell at a unique intersection.

14. The method of claim 13, in which the barrier layer is a structure comprising
M1-M2-NM, where M1 is a metal selected from the group consisting of Ru, Rh, Pd,
Os, Ir, Pt, and Re, M2 is a metal selected from the group consisting of Ta, W, Nb, V,
Ti, Zr, Hf, Cr, and Mo, and NM is a non-metal selected from the group consisting of
O, N, and C.

15. The method of claim 14, in which M1 ranges from about 10 to 80 at% of the
structure, M2 ranges from about 10 to 50 at% of the structure, and NM ranges from
about 5 to 70 at% of the structure.
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